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Positirs Bays 



Oanaral Dosoription 



Tho goaaral appaaraaeo of aa ordinary disohargo tuba la 
quit* familiar, fig* X giroa a dlagra— atla rapraasatatloa. Tha 
oathodo c la oororod with taa ralraty light, ooawoaly known aa taa 
oathade glow. Boyond tala la a rathar dark spans aamad la honor 
of lta disoororor, tha erookos dark apaaa. Tha width af this 



spaoo rarioo inrorssly with tho prossurt la tha tubs, ao that if 
tha prossuro la high this dark spaoo any ho praotioally iariaibla. 
Boyond tha Orookoa dark apaeo ia a luminous arsa, tho aagatlvo 
glow, boundod oa tha aido roaoto from tha oathodo by aaathar dark 
arsa, tha fsraday dark spaoo. Taa loagth of tha tabo oooupiod by 
thaaa phoaaaoaa lo la tha aaia, dopoadoat on tha gaa praaauro aad 
praotioally ladopoadoat of tha aiao of tha taba. Tha raaaladar of 
tho tuba ia f lllod with a bright light kaowa aa taa poaitlro ool- 
una, whioh oftoa la dlridod lata amorous atrlao. 

If tho prooouro is fairly law oao way distinguish aa addition* 
al phoaoaaaoa. Tala ooaaiats of falat bluiah stroams of light tha 
oathodo raya whioh prooood normally fraa tha oathodo and poaatrata 
ia straight llaos aorooo oaa ar aoro of tha dark spaoaa. Aa tha 
praaauro rodaotloa ooatlauoo thaaa raya booaao aoro important, 
poaotratlag farthar aad furthar until thay at laat fall apoa tha 
walla of tha tuba, anwltiag thoro tho oharaotoristio grooalah 
phosphoroaooaoo. Kooplng paoo with tha dtttonaion of thaaa raya. 
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the Crookoe dark has grown until It practically fills the whole 
tub*, the root of the ordinary dleohergo being represented by a 
glow on the cathode and a elngle light pateh on the anode iteelf • 

It had long boon known that if a solid obstruction were plaeed 
in the pateh of the discharge, the cathode raye would oast the 
shadow of the objcot on the opposite wall of the tube* It wae 
then noticed that if the obstacle wore placed in the Crookes dark 
space that a shadow was also oast sn the cathode* This was oqulr* 
aleat to saying that there nust be rays in the tnbe proceeding in 
a direction oppoeite to the cathode and falling upon it* 



It wae theee rery raye that Goldstein discovered in 1880* 
The apparatus he need is repreeented in fig* 2* The cathode C was 
a natal plate which stretched across the tube* Into this plate a 



nuttber ef holes wers drilled, the dioaetsr being less than the 
thickness ef the plate. The anode a wae at the lower end ef the 
tnbe. The gae pressure ens kept so lew that when the electrode 
were connected with the induction coll and a discharge passsd 
through the tnbe the dark space belew the cathode sas rsry sen* 
spicueus* Goldstein found that under those conditions that 
slightly diverging bundles of a luminous discharge referred to 
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above patted through tht holot of tht eathode and stressed into 
tho upper tube. Btotttto thoto reye ttrtttiod through holts tr chan- 
nels Goldstein oalltd thta •Kanalotrahlea* . But new tlaoo they 
hart been proTtd to ho etreems of tho parti clot, tho grtator bob* 
her of which art peel tire, thoy art oalltd peel tiro rtyt. 



Tho etlour of tho light la thott haadloo dopoado ta tho kind 
tf gat that filled tho tube: whoa air tat need the light tat yellow- 
ish, whoa hydrogen wat weed, the colour wet rose. 

Goldstein weed aloe la hie earlier experiments a tube such at 
le represented la Fig. 9* The cathode whieh entirely fillt the 
tube le a flat else with a hole, in it; a metal tube fitting late 



the hole it ttldtred oa to the cathode. The length of the tabe ie 
stToral times tht disaster of the hole. The anode a le fated late 
the upper part of the tube, with a properly adjusted pressure the 
posit Its rays streaa through tht eathode tube late the lower part 
of the vessel and the eathode rays shoot upward. 

Sir J.J. Thoasoa says that he found noon gas to giro the 



Colours rroduoed by Baye 





Digitized by 



Google 



4 



etrlkiag results. The light due to the posit Its rayo it * brll- - 
liant red, while that due to the cathode is a palo blue. If ball* 
am la used the poeltive ray* give a reddish light, tha cathode, 
green, 

then the pooltlro ray* strike against tha walls of tha tuba 
thay produce a phosphorescence of tha glaat. Thla phenomenon it 
oharaotorlotio of tho oathodo, bat tha phosphorooooaeo of tho poo- 
IUto rayo la much diaaor. 11 th German glass tho peeitlve and 
cathode rayo produoo a lighter and darker green, respootirely. 
With lithium ehlorido tho phoophoroooonoo produced by tho positive 
rayo ie a bright rod ahloh yialdo tho rod lithium lino when exam- 
ined with tho opootrooeopo: tho phoophoroooonoo duo to tho cathode 
io a light blue, giving a oontinnoue spectrum. 

Goldstein relatoo in Phil. Mag. VI, p 372, 1908 that pool tiro 
rayo eomo readily from tho epaoe between two parallel plateo con- 
nected metallically together and need ao a cathode for tho die- 



oharge through a low proooure gas. Cathode., also arloe hero but if 
a gao lo uood that ohowo marked difference in the eolor of tha 
luminosity between the pool tiro and oathodo rayo very interesting 
features are presented. For this purpooo hydrogen, helium, or 
aeon are particularly oui table. If a oathodo formed of two par- 
allel equilateral triangles connected by a wire io uood for a die- 
oharge in helium at low pressure the discharge near tha cathode 
has tha appoaranoo of Tig. 4. From tho points of tha triangle 
otrosm lumlaouo rays of the character! otic rod eolor of poeltive 
rays in helium while from tho middle pointo of the oldoe are tha 
origin of streams of greonioh lumiaoolty, tho color of tha path 
of tho oathodo ray* through helium. If at this stage a small mag- 
not ie brought near the dlooharge tube tho green rays are readily 
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defleeted while no of feet is produced oa the red rays. Oathodoe of 
warleue ohapee hare boon eubetituted for ill* two parallel equilat- 
eral triangles with Tory interesting rosults. Kuas aad Orange hare 
aado iatereetlag reeearohee oa this phase of the work. 

Dlrootioa of Propagation of the Poeltlre laye 
Sy pinning a solid body la the path of a poaoll of pool tiro 
rays a shadow is oast oa tha part of tho tube that wao phoephor- 
aaelag undar tha iapaot of tho ray a. By comparing tha ohadow with 
tha objoot, it la foaad that tha ahadow la approximately tho pro- 
jeotion of tho outaido of tha sal id oa tho walla of tho tuba by 
liaaa passing through tha olagls nolo la tha eathodo if tho eathoda 
af Jig. 3 is asad or if that of Jig. 2 la used, by liaaa paaalag 
through tha halas ia tha eathodo. from fig, S it la readily eeoa 




PVj. S~ 



that tha dlrootioa of propagatlaa da first determined by Ooldstela 

without magaetie ef eleotroetatle latorforeaee le etralght llaoe* 
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Doflootloa of PoeitlTo lays by Bleotrio and Magaetle Poreeo 
larly la their hletery cathode nyi were proved to bo nega- 
tiwely olootrlflod by tho stady of the doflootloa they experienced 



doflootloao gars the aoaao of finding the aaoo aad Toloolty of tho 
oataede partiolee. Oa tao di so every of pool tiro rays olailar 
attempts wort aado oa thorn. However, for twelve years after their 
dleooTory no off oat of a aagaetlo flold woo dotootod. Tot, ao 
prerlously said, a oaall hand aogaot produood oa approoiablo 
of foot oa tao eathodo rays. In 1898 ay aoaao of a Tory poaarful 
aacaotlo field, H oa preTed that pool ti to woro dofXoetod ay aag* 
aotio foreee. 

Thoory of tho Deflection of a MoTing nootrlf lod Partlolo 
a. By a Magaetle PI old: 



tho aagnotle foroo, at right angles likowioo to tao dlrootloa of 
aotloa of tao partlolo aad steal to o Hv ola 0, whose lo tao 
ohargo, oa tho partlele,V lo Ito Toloolty, lo tho aagls betweea 
H, tao flold strong th, andV . Slaeo foroo lo always at right 
aagloo to tho dlrootloa of aotloa of tho partlolo thoro will ho 
no alteration la opood hat only la tho dlrootloa of tho aotloa of 
tho partlolo. If partlolo lo originally projected with a Toloolty 
V parallel to tho X-axis, aad tho flold lo la tho dlrootloa of 
tho 2 axis tho dlrootloa of tao foroo will ho parallel to tho y 
axle aad tale will ho tho dlrootloa la which it will ho doflooted. 
If y lo tho doflootloa la tale dlrootloa at tho time t, a the 
aass tho partlolo, I tho aagaotie foroo parallel to tho axis Z 
ande tho ohargo oa tho partlolo tho •snatien of aotloa lo 



whoa so ted oa by aagaotlo aad olootrlo forooe. Besides, thooo 



Tho foroo aotlng oa tho parti els Is at right angles to 





Digitized by 



Google 



Xatecratlag thio eeaatlea we cot 

M flX — /* • H 4i dt - • H dx ('J 

At Jo dt ' •* 

AX =. when x = . If the defXeetloa of the partleXo is small 

dt 

mad fll^V 41 Then (l) aay be written Mvto= f • I. dx 
dt dx dx 4 

hmei if y is the deflection whoa x~X 



* vf {| X « H dxjdx 



lategratlng by parts we here 

X V • H dx j[ xe H dx 

o f l (X-x) K dx 

write A for . 

X (X-x) H dx 

J. 1» A 
■v 

A depends apea the strength of the aagastie fleXd aad the die- 
tanee from the point of projeetion at which tho defXeetion la 
aoaoarod. 

b. By aa BXootrootatie 71 old: 

Xf tho partleXo lo projected with a reloolty^ parallel 
to tho oxio of X, tho olootrle foreo noting of partleXo bo parol - 
Xol to tho axlo s aad eenaX to 2, thoa tho eqaatlon of notion of 
tho partleXo under tho oloetrie foreo is 

Ml$L-I = e Z 

dt 1 4 

then dofXoetlon io mall, * « ..v*d % approx*. 
Hanot *lV £jl A e Z 

ahoroB ^Jj(ff%jit) <*X 
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3 depend* merely on the distribution of the oleetrlo field end the 
dietanoe from the point of projection at which the defleetioa ie 
meaeured. 

o. By a Combination of Both Magnetic and Bleetrie Boroee: 

If the partiele ie simultaneously aeted on by magnetic 
and el eo trio foroee parallel to the Z axle and henee parallel to 
each other, we may if the defleotione are email superimpose the 
off oo to due to the two different foroee eo that the y and % de* 
fleetioae of the partiele parallel te the y and a axie respective- 
ly are given by the equation 

\i ^ iL A (/) 
1 mv 

If we had a stream of charged partielee of different kinds (dif- 
ferent values for £ ) projected from the origin with different 
velocities parallel to the x-axls, in the abeenoe of eleotrie and 
magnetie forees they would strike the eereen at the eame point. 
But when the partielee are submitted te the notion of eleotrie and 
magnetie flolde the partielee get eerted and no two etrlke the 
eereen at the eame plane unless they have the same speed and the 
eame £• If we knew the deflected position of the partiele by 
equations (l) and (2) we eaa calculate both the values of V and 
| ; we have V* X $ (3) 

£=. X X 1 (4) 
m % At 

Xvill be oonstant for all partielee moving with a given speed 
regardless of charge or mass and eueh partielee will etrlke the 
eereen in a straight line passing through the undefleeted peeitien 
of the partielee. 

X will be constant for the eame kind of partielee, regardless 
of their speed, henee partloles of the eame kind will ^J^*^]^ 
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sorooa la a parabola with its rsrtsx at tha uadoflootod pooitloa 
of tho partioloo, aad thoro will bo aa aaay of thaao parabolao aa 
thoro aro dlfforoat kinds of partioloo. 



By applying tha abovo method liaa doaoaatratod tho olootrio 
aad aagaotle doflootloao of tao pool tiro rays* Xa this wioo ho 
prowod that pool tiro raya oontain slootrifiod partioloo aad that 
tho dlrootloa of thoir doflootioa, ahloh wao jast oppooito to that 
of tho eathodo rayo provod tho partioloo «oro pooltlvoly ohargod. 
Ho aaa ahlo to oaloulato both tao ▼ aad £ for thooo partioloo. 

Tho appartao ho aaod lo shown la Tit* o. Tho oathodo X io 
aa lroa eyliador a oa. loag with a holod 2 aa. borod through It. 
At tho top of tho tabo tao aaodo aaa plaaod. Tho oppooito oad 
of tho tabo was flat to poralt aoourato oboorratloas sf tho low* 
iaoslty prodaood by pool tiro ray lapaoto oa tho glass. Tho aag- 
aotie flold is prodaood by tho olootroaagaot whooo polos aro I 



aad 8. Tho part of tho tubo through whioh tho disohargo is pass* 
lag was shioldod froa tho aagaotlo flold by surrouadiag it with 
thick shooto of ooft lroa* Tho olootrootatio flold wao prodaood 
botwooa two parallol aotal platoo ooaaootod with tho toralaals of 
a Toltalo battory. Ihon both fioldo woro aotiag tho rooad pass* 
phorooeoat opot dao to tho iapaot of tho posit Its rays was drawa 
out lata a straight baad. Siaoo tho band waa straight tho toIso- 
ltloo of all tho dlfforoat partiolss prodttoiag it aro tho saws 



llaa f s Bxporlaoat 





Digitized by 



Google 



but tho J rftluoo would all bo difforoat. lion fouad if tho tubo . 
woo fillod with H that tho raluo of tho * for tho moot doflootod 
portion omo 7546, tho raluo of tho %/m. for ohargod atom of hydro* 
Cos 1ft tho olootrolyoio of wator lo 10,000. 

Tho doflootloao of thooo rayo by olootrio and magaotie floldo 
ohow thoy aro pooitlroly ohargod partiolo* aad tho 1 Taluoo ohow 
thorn of muoh groator maoo than tho eathodo rayo ohooo *- 1,7x10 . 

Bl 

Tho dloplaood partioloo boiag in a otralght band iadioatod that 
tho £ tariod from aoro up to 10,000. low WLehargoo woro all tho 
oamo thon tho maoaoo muot vary f rom tho maoo of hydrogoa atom up 
to a oomparatiroly lorgor aaoo. Thio ooatiauouo variation la tho 
t raluo io ooatrary to tho molooalar thoory. 

la 1000 J. J, Thoaooa ohowod that tho dlfforoaooo botwooa tho 
thoory aad tho oaporlmoato woro duo to tho high prooouro of tho 
gaa. Duo to thio, tho partioloo forming tho pool tiro rayo ool* 
lidod with tho gao moloouloo whilo thoy woro paooiag throagh tho 
olootrlo aad aagnotlo floldo* Thooo oollloioao ioaisod tho gao 
oo that tho pooitiro ray partioloo had to paoo gao full of ehargod 
partioloo, ooao pool tiro aad othoro aogatlTo, aa a rooult oomo of 
tho partioloo of tho pool tiro rayo that woro ohargod woro aoutral* 
isod boforo thoy paoood through tho fioldo aad hoaeo thoy did not 
rooolro fall doflootioao. Othor pool tiro ray partioloo that woro 
aoutralliod boforo oatoriag tho flold otruok agaiaot a eorpaoolo 
or aa atoa aad woro ioaisod by oollioioa aad loot a aogatlro eor* 
puoolo* Thooo lattor woro thoa pool tiro aad woro doflootod by aa 
omouat dopoadiag upon tho plaoo ia thoir path whoro thoy piekod 
up tho ohargo, Thio eoaditioa of affairo mako A aad B uood ia 
oquatloao (*) aad (4) rary froa partiolo to partiolo aad tho } 
oaa adt bo obtaiaod froa tho aboro oouatioao. 
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Thomson's Ixperinent 
Thomson obviated these diffieultieo by an arraagoaeat similar 
to fig. T. \ ■ 



The eathede X had a holt bared through It aad lata this holt 
a flat bored tube I was firmly fixod. Tho oeroon 8 was willsmito 
whieh phoephoreeeee brightly. Tho usual magnetle aad oleetre* 
otatle fialda woro present aa likewlee a magaetio shield of ooft 
iroa. 

Whoa tho gao preeoare aaa low, aeoordlag to J. J. Thomson, 
tho phesphoreseeaee waa drown out into two straight bands as la 
fig. 8. Tho value of £ for tho aoot doflootod part of tho band 



for tho hydrogoa atoa aad moleeule, reepeetiwely, aad suggooto that 
ono bond is duo to hydrogon atoms, tho othor to hydrogoa aoloeuloo. 
fig. 9 shows tho rosult of using holiun. Throe bonds art present. 




F.f. 7. 





Thoee waluee ore tho £ waluss 
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indicates the preeeaee of hydrogen utons in the first, hydrogen 
noleeulee la the second and helium atoms la the third hand. The 
atomic woifht of helium le 4, ee the */* le oae-foarth that of the 
hydrogen at a*. The elope of theee baade show praetloally no var- 
iations in the Tolooitieo of the partleloo which io little affect- 
ed by charges ia the potential* Air glvee the same tee liaes as 
ia fig. 8. 

Xn both fig. 8 and Fig. 9 there io a faint hand defies tod ia 
the oppoeite direction whioh must therefore he dne to particles 
with aegatire charge. The A ralus is 10 4 so these negative par- 
tioles are not eathode rays. 

fhsn the preeeuro was reduced to the lowest possible ralus 
J. J. Thomson observed a remarkably different fern of luminosity 
oa the serosa. At thess Xsw pressures there ie great need of 
precautions with the tube for it ie hard to got the discharge to 
pass through the nod crate sise tubes. The resuXt is that there 
is danger of sparks breaking the tube. This is obviated by fee- 
ing the outbade with a thin Xnyer of ealoiua or by sneering the 
face of the eathode with a liquid alloy of sodium and petaeeiun. 
At theee lew proeeures the straight bands of figs. 8 and 9 are 
replaced by two parabolas of fig. 10. The seme valuee of IO 4 



but the undof looted spot ie still luminous. 

J. J. Thomson found that it wae a great advantage to uee 




4 

and 6x18 for the A. hold. The negative luminosity has vanished 
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largo glass vessels for low pressors. As a rssult of this fig. 11 
•Hows the greater portion of the Positive Bay apparatus whleh io 
at proooat u»od at the Cavendish Laboratory. Tho apparatus ooa- 
otots of two parts, tao dlsohargo tubs propor where tao parti clot 



aro produeed aad tho eamera whoro thoy aro detested, and thotr 
massss dotonilaod. Tho dlsohargo tube is roally a largo bulb or 
flash T with a volume of from oao to two 11 tree. Tho aaodo is 
plaood la a sldo tube not shown In tho fig* Tho oathods K lo 
plaood In tho nook of tho flask. Tho shapo of tho eathede is 
shown In dotal 1 In Pig. 12; tho faeo Is aluminum, tho root Is 
soft Iron. A tube is borod through tho oathodo to admit a Tory 
flno boro eoppor tubs of a loagth of 7 on. Bosldss this Iron 
shield for tho eoppor tube, 21 Is a magnetic shield for tho wain 
dlsohargo. 



Tho gas ts be experimented on io admitted Into the flash T 
by a side tube aad is removed by a Oaodo pump (not shown in dia- 
gram) which always keeps the gaa at a suitably low pressure. The 
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eathode i» kept cool by aeana of a water oeollag jaeket. 

when tha rays pas* through tho eoppor tabs thty pass between 
M and H two soft iron blooke lot ia through tho sides of tho tubs 
(hor* made of ebonlto) and carefully soalod so as to bo vacuum 
tight. Thoso blocks servo a two-fold purposs. first, they fora 
tho polo pioeos of tho eleetroaagnet £ £ f rota whioh thoy aro 
alootrioally lneulated by aloa shoots a, a. By this aoaas thoy 
oaa bo ehargod positiwoly and negatively, respectively by moans 
of saall stsrago battorios and hoaoo serve as tho oloetrodos for 
tho applioation of tho olootrostatie fiold. 

This arrangsasnt poraits of a eubjeetioa of tho positivs 
partielos siaultanoouoly to both an olootrostatio and aagnotlo 
fiold whioh aro plaood par all ol to oaoh othor thoroby eausiag 
dofloetions at right anglos to oaoh othor. 

Aft or passing through thoso flolds ths rays fall oithor upon 
tho glass plats Z eovered with powdorod will sal to or a photograph* 
io plsto, whioh by a suitablo dorieo ean bo introduood in front of 
Z. 

Tho olds tubs L lsads to a tuba fillod with eharooal and 
iaaorsad in liquid air. This lattor is Dewar'a dsvloe for 
absorbing as far as posslblo tho gasos la this part of tho appar- 
atus. It has boon found that if tha gas ia tho osasra ia at tha 
asao pressors as tha gas in tho disoharg* tuba tho offoota oa tho 
screen are entirely sseoadary. Tha gas la tho ooaora baooasa 
Ionised by tho notion of tho rays. Than tho rays aro loft to 
travel through an ataoephero ehargod with negative eleotrens 
with whioh thoy readily ooabiao to foxa neutral aolooulos again, 
than this has taksn plaee tho olootrostatio and aagnotlo flolda 
ean no longer not on it, so tho extent of tha dofl notion will 
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depend upon the length of time during which it succeed* in retain* 
lag its ohargo. The charcoal and liquid air nak* it poaelble to 
keep tho preeeuro la the oanera really lowar than that la tha 
discharge taba thus rendering diffusion along tha ooppor tuba 
extremely slew. 

Applioatloa of Poeitirc Rays to Moleeular Analyst o 
To approolata this now aothod of analyeis It will bo wall to 
follow with J* A. Orowthar of taa Oarandlth Laboratory taa oouraa 
of a poeitlwe partiolo from ita geaeration la taa dlaohargo tuba 
to ita otoppaga oa tha photographio plate. If tha partiolo la 
formed aaar tho aaoda it will firat of all experieaee a fall of 
about 90,000 or 40,000 volte, tho potoatial dlfforonoa of tha two 
•lootrodos. Tha energy aoquirad will bo aqaal to V E , whoa V 
i» tha potoatial drop and E la tha ohargo on tha partiolo* Tho 
▼oloelty v , oa roaehlag tha oathado will bo 



Thio io maximum ▼oloelty. Any partiela forming noarar tho eathoda 
will of oouraa experience a loan potoatial drop and oonooquontly 
will hare a loeser velocity. 80 tho otroam of parti olot paaaiag 
through tha eathoda will contain particle* with all vcloeitlce up 
to tho maximum. 

On paeslag through the el eo trio and magnetic field* tha par* 
tielee will be noted oa by force XE and H Ev, where X la tha 
el ec trio and H the magnotlo field. Theee f oreee will eauao tha 
point at whieh the particles strike the sore on Z In Fig. 10 to be 
deflected through the dlstanees shown in equation* (l) and (2). 
These deflections, owing to tha two fields being parallel, are at 
right angles to eaoh other. 

To get a clearer conception of the positive ray parabolas it 
will be well to refer to a fig. 13, which is a diagram, cloeely 
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.related to one given by J* A* Crewther in his Molecular Physics. 

Y 




If represents tht position on tho pinto or oeroon of tho unds- 
f loo tod ray, then OX. and erf are tho dlrootlons of tho oloetrle 
and magnetic defleotiono, and P will roprosont tho point af tor 
deflection. Tho ratio y/x io tho aeaeure of tho Telocity and*/ 1 *, 
is tho ratio of tho naoo to tho oharge, or a/o. 

If all tho partloloo were idontioal and had tho oamo Telocity 
tho spot would elaply bo shiftod to tho point P. But tho toIoo- 
itloo of tho partielos diffor oo tho rays will ho drawn out into a 
lino oron if tholr ansa and oharge aro idontioal. By equation (4) 
all partielos whooo Ipfe is tho esae will lino on sono eurro whoso 
value Y/y is constant ; suoh a ourro is a parabola* 

If tho partloloo emerging from the dathode oonslst of atoas 
of different atoale weight, they will be eortod out into a series 
of parabolas one aboTo the other, each ourro baring lte own defin- 
ite ralue of a/e. 8inoe the veloeity proportional to y/x eaa 
not exceed a o or tain ralue these ourres will stop short at a defin- 
ite distance froa the T axis, 8o the photographic plate will 

Digitized by Google 



Digitized by 



GoogI 



look liko tho uppor loft-hand quadrant of Tig. 13 with two parab- . 
olas. By roToralag tho ft old half way through tho expo aura aya- 
notrloal parabolao aro formod on tho oppoaito oido of X* 

To moaauro tho eurro* draw any parpoadloular on tho X 
euttiag tho ourroa at 1» ■» aad tho axia at a* Thoa 



of tho aaooos lo olaply tho ratio of tho liaoo 

Of eouroo tho lino X io not on tho plato but tho apparatua 
lo oo arraagod that tho dlrootloa of tho doflootioao aro parallol 
to tho odgo of tho plato, whilo ia alwaya narkod by a Tory bright 
opot oauaod by tho rayo that ooao through tho eathodo uaohargod aad 
honoo aro aot dofloetod. 




or tho two parti ol oo oarry tho aaao ehargoa, tho ratio 
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Study of Boat Typical Pool tire Bay Photographs. 



Tho ratio of tho oquaree of thooo ordiaatoo of tho parabola* 
do not dirootly giro tho ratio of tho naeeee of tho partieloo but 
ratteor tho ratio of their oloetro oheaioal equi vol onto. By far tho 
groator majority of tho partlolos oarry tho singlo olootronio 
ohargo o f while la any oaoo tho ohargo B eon bo only a stall inte- 
gral mnltipl* of this. Little uncertainty arioos from thio yot 
eeae dooo eoear. Zn thio rogard aoronry lo particularly otriking 
for mercury atoao oarryiag ao many ao olght ohnrgoo hare boon 
deteeted. In Plato I, five of tho tlx parabolas which io roally 
a oopy of oao of Prof* Thomson *e photographs, aro due to atoao 
of aoronry with one, two, three, four, and olght ohargoo. 80010 
of tho liaoo aro too faint to ohow up in tho oopy. 

Plato ZZ givoe a oopy of a typioal pool tiro ray photograph. 
Tho gao uood horo oat atmoepherie nitrogon obtained by extracting 
tho oxygon from tho air. Tablo Z ooataino tho aotnal aoaouroaonto 
mado on tho plato. 

Tho first ooluan glroo tho dlotanoo of tho difforont parabolas 
from tho X oxio aoasurod along a oomaon ordinate. Tho sooond 
oolnan tho U/M valuee dodueod from thooo figuroo, aeeualng that 

Same/ 

thsy oil oarry tho ohargo. Zf tho ohargo lo double or troblo tho 
oorroopondlng mass will bo half, oao* third, oto. Tho standard 
lino on Plato ZZ lo tho ianomoot, Whioh as its position ohowo lo 
dno to aoronry oarryiag a oinglo ohargo* Tho mass io takon for 
convenience as equal to ito atoaio weight. 

Proa tho tablo it lo evident that the three inner parabolas 
repreoont partieloo with l/B values of 200. ¥ . (200), l/*.(200). 
They are dae to aoronry atoao hawing one, two, and throe eharges, 
respectively. Heronry vapor is alwayo present in the tnbe unloos 
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litrogoa* Votoatial aerooo dloohargo tttbo, 8000 wolto; oarroat 
through aagnot, 3*5 aaporoo; potoatial difforoaoo la olootrio fltld, 
200 wolto 

d a* a* H/* trotablo oaaoo of 

tho liao 

7.2 200 Hg+ loroury atoa with 

oiaglo oaargo 
10*5 100 Hfc-t-4- Xoroary atoa with 

tWO OhaTgOO 

12*4 07 Hg+^ Moroury atom with 

throo ehargos 

10*4 44 CO^^- Holooulo of oartoa dioxido 

16*5 80 A +■ Argon atoa with oiaglo 

ohargo 

19,4 20 1^ Iltrogoa aolooulo with 

•inglo ohargo 

23.1 20 le -h loon with a oinglt 

ohargo 

20.0 15.9 + Atoa of oxlgoa with a 

oiaglo ohargo 

27*0 14 I + litrogoa atoa with 

oiaglo ohargo 

30 12 C +• Carbon atoa with 

oiaglo chargo 

38*7 7 I litrogoa atom with 

two ohargo* 
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preoaatioae are used for its exclusion, for it lo used in the too-. 
uua pump. The next liao it aade by partlolee having * aass 44, 
thooo singly eharged aeleoulee of earboa droxlde; earboa lapuritiee 
art usually preeent. The argon liao io tho loaf bright liao below 
tho Tory thiek aright liao dao to aoloouloo of aitrogoa vita a 
olagle pool tiro ohargo. Thio lo of ooaroo the aeet prealaoat liao 
oa tao photograph. Tao roaalaiag llaoo ia ordor aro tao lo, 0, I, 
aad V atoms, tao last I having tao ehargoo. Tho hydrogen liao 
lo dofloetod off tao plato entirely. 

It oaa ho readily oooa that no liao oa tho plato io aaexplala- 
od aad tao valao ohtaiaod of tho relative aaoooo oorroopoad very 
eleeely to tho ateale aad aoleealar weigate dotomiaod ay ehoaletry, 

8aao faint liaoo suite proaineat ia tho plato from whioh thio 
Plato It io eopiod aro dao to tho ooooadary offooto whioh oaa ho 
obviated only ay hooping tho exhauetloa ia tho oaaora ohamhor aaoh 
highor thaa that of tho dioohargo tube. Bat tho mercury paraholao 
oxtond alaoot to tho origin for a Tory difforont roason. Ilootrio 
doflootioa is proportional to ohargo S, earriod hy tho partielo ia 
tho olootrlo f iold dividod hy T at* . Tho aaxiatai value of tho 
kiaotie oaorgy io equal to T. I , where T is tho potoatial of tho 
dioohargo aad B io tao ohargo earriod hy tho partielo la tho dio- 
ohargo tube. Tho ainiaua olootrlo doflootioa, that lo, tho noarost 
point to aaioh tho paraholao oan oxtond will ho proportional to 

• This will ho tho ooao for all partielo* , whatoror tho 
aass and ohargo if tao partielo earrlos tho ooao ohargo in tho 
taho ao ia tho oaaora. Thus all eurreo will otop ohort of a oor* 
tain lino parallel to tho OT axle. 

Zf tho parti ol oo in tho dleeharge taho having double or treble 
charges looo oao or aero of thooo extra ehargoo before the eleetrie 
field is reached tho valuee of I /B, will be greater t 
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and tho parabola* will oxtond further toward tho OY axis. 

Adrantagoo of tho Itw Mothod of Kolooular Analyoio 

Pi rot , it poralto tho dotootlon with eortaiaty of tho prooonoo 
In a gaooouo nlxtnro of far oaallor quantitioo of an oloaoat than 
oaa at aooompliohod by any othor known mothod. Frofoooor Thonooa 
proTod its dolioaoy ay oxporlmontlag on ataoophorio argon. With 
a 2 litro tnbo and a prooonro of 1/900 ma. of aoroury ho found a 
faint holiuu lino. At ataoophorio prooonro tho roluao of tho gao 
nood would ho about 1/100 oo. Thio lo approximately tho quantity 
of argon in 1 oo. of air at ataoophorio tonporaturo. Thus ho wao 
ablo to dotoot tho holiua prooont in n oubio oontiaotro of air. 

Sooondly, it hao thio advantage i» addition owor tho epoo- 
troaoopo, that it giwoo diroetly tho atomic and mo 1 ocular woight 
of tho oubotaaoo. 

Laotly,the tino it takoo for oaeh olnglo partiolo to rogiotor 



ito prooonoo io extremely minute. A moderate value io 10 oa. or 
020 mil oi por oooond. Thoir path in tho dioohargo tubo lo not 
noro than 60 ea. 8o a partiolo whon oaught by tho dioohargo oaa 
rogiotor itoolf on tho photographic plato in looo than ono mil- 
lionth of a oooond. Wo oaa thno oxpoot to find curroo eerreopend* 
log to toaporary ooabiaationo of atoao oo unotablo that thoy oxiot 
not longor than ono millionth of a oooond. Thuo ohoaioal roaotlono 
occurring in tho dioohargo tubo can leave traeoo of not only otablo 
products but lntoraodiato otagoo. 



flret, tho oubotanoo to bo oxporimontod on auot bo olthor 
gaooouo or oapablo of oxorting a vapor prooouro at ordinary tea* 
poraturoo. Again, an element, ae in tho opootrooeopo may bo proo- 
ont in oonoidorably quantity in tho dioohargo tubo without pro- 
ducing a traeo on tho photographic plato. So far only nlokol 



Limitation! of tho How Mothod of Analyoio 
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mad msreury among metallic elsmtnts hare been detected by this new 
mothod. 

It has alto boon found that tho rolatiro inteneity of the dif- 
f oront linoo on a giron photograph aro far from roprooontlng tho 
actual proportion of parti clot in tho ttroam oorroaponding to tho 
diff oront linos. A giron numbor of atomt of a light olomont pro- 
duct a far groator offoet on a plato or toroon than tho tamo numbor 
of atomt of a hsarler olomont. 

J. J. Thornton tubttitutod an oloetrioal for a photographic 
mothod of detecting tho potitiro partiolot. Sinoo all tho partiolot 
we aro dealing with carry an electric ohargo they can bo moaturod 
by collecting them in a Faraday cylinder. 

To oarry out tho experiment a bratt platt (fig. 14) wat tub* 
ttituted for tho glatt toroon Z in Fig. 11. Thit plato it eoTored 
with willemito. A series of bright parabolat will of eourto appear 
on it. If a tilt 88 it out in the plate to eoinoido with one par- 
abola, tho partielet forming tho parabola can bo oollootod in a 
Faraday oylindor F. placed behind it* Tho rate of charging up an 
oleetrometor connected to tho Faraday cylinder will be proportional 
to tho number of particles entering tho cylinder per seoond, that 
it, to the rolatiro number of moloouloe which hare a matt oorres- 
ponding to that indicated by tho slit. By rarying tho intensity 
of tho deflecting magnetic field H each one of tho parabolat can 
bo brought to eoineido with the elit. It can thuo bo eeen that 
if tho other conditions remain tho same the rains of H/B for a 
giron eet of partiolee is proportional to tho square of tho 
strength of the magnetic field. It thus beoomes possible to deter* 
mine the rolatiro proportions of different kinds of atoms and mole* 
cults making up a beam of pool tiro rays. 
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Ttt with all this quantitatlYt analytlt of a km of pttitirt 
rays fnrthtr oxporiaoot it aoooooary totftrt it at atratod that tho 
naatotr of atoms of an tltatnt la a totaa It atttotarily proportion- 
al to tat quantity tf tht tatottaaet prtttnt la tho ditchargt tutot. 
Xndltatioat ttta tt point that thlt it tht tatt ftr non-notallie 
oltntato. If thlt at truo tht dtttralnatloa quant i tat iroly tf 
trattt tf gatttat tutottaactt too oaall to ht do toe tod toy tht 
optttrtottpt will thtn tot a rtality. 

Aeknowl odgaont 

Tht writ or tf thlt thttlt withtt tt ttatt that tht It dooply 
lndttottd to J* J* Thoaoon'o "Pool tiro Roys" and J* A» Crowthor'o 
•Molooular Phytic t» ftr tht aatorial of thlt partly Horary thttlt. 
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